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An a n a l y s i s  
l - ~ d u l e  coo lan t  loop ( 1 
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i s  given of t h e  r e v i s e d  Skylab Air lock  
oncept  6-C) designed t o  provide supple- 

mental  b a t t e r y  coo l ing  and t o  maintain a nominal 47’F c o o l a n t  
i n l e t  temperature  t o  t h e  Air lock Module condensing h e a t  
exchangers. I n e q u a l i t i e s  a r e  de r ived  i n  t e r m s  of coo lan t  
temperatures  ( r a d i a t o r - c a p a c i t o r  o u t l e t ,  C&D panel  o u t l e t ,  
and r a d i a t o r  i n l e t  temperatures)  t o  determine i f  t h e  t h r e e  
independent vernatherm coo lan t  c o n t r o l  va lves  can main ta in  
t h e i r  r e s p e c t i v e  set  p o i n t  temperatures .  
modes a r e  considered:  Non-EVA, Qsuit=O; P o s i t i v e  EVA, 

Three  o p e r a t i o n a l  

Q s u i  t > O ;  and Negative-EVA, QSuit <O. 
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Conceivably o t h e r  combinations might a l so  occur .  

I n  o rde r  t o  update  t h e  s i m p l i f i e d  Skylab C l u s t e r  atmos- 
pheric-f  h i d  loop model descr ibed  i n  an ear l ie r  memorandum2, and 
t o  permi t  i t s  use  wi th  t h e  r ev i sed  coo lan t  loop, a computer sub- 
r o u t i n e  has  been w r i t t e n  which p ropor t ions  t h e  t o t a l  c o o l a n t  pump 
f l o w  through t h e  t h r e e  c o n t r o l  valves and the s e v e r a l  loop 
branches.  I n  a d d i t i o n  t o  t h e  three d e s i r e d  set  p o i n t  tempera- 
t u r e s ,  o t h e r  key inpu t  v a r i a b l e s  are: 

(1) T1, r a d i a t o r  i n l e t  temperature  

( 2 )  T2, r a d i a t o r - c a p a c i t o r  o u t l e t  temperature  

( 3 )  T 4 ,  C&D panel  o u t l e t  temperature  

( 4 )  Q s u i t r  EVA hea t  load (may be  zero ,  p o s i t i v e  or n e g a t i v e ) ,  
BTU/Hr 

(5)  W1, t o t a l  pump f l o w ,  lbm/hr. 

Seve ra l  assumptions have been made i n  t h e  a n a l y s i s  which 
follows. S ince  t h e  f l u i d - t o - f l u i d  heat  t r a n s f e r  characterist ics 
of t h e  Ba t t e ry /Su i t  Coo l ing  Module are unknown, heat t r a n s f e r  i n  
t h i s  module i s  assumed t o  occur wi thout  l o s s  f r o m  one f l u i d  pa th  
t o  another .  The c o n t r o l  valves are assumed t o  func t ion  a s  follows: 
i f  possible,  a va lve  w i l l  m i x  i t s  two i n p u t s  t o  main ta in  t h e  
desired ou tpu t  set  p o i n t  temperature;  if t h e  desired se t  p o i n t  
temperature  cannot  be maintained, one p o r t  w i l l  open f u l l y  and t h e  
o t h e r  w i l l  c l o s e  so t h a t  t h e  ou tpu t  f l u i d  i s  as close t o  t h e  
d e s i r e d  temperature  as poss ib l e .  A cons t an t  f l u i d  s p e c i f i c  heat 
i s  a l so  assumed. 

Analys is  

The a n a l y s i s  i s  based on t h e  schematic,  F igu re  2 ,  which 
shows t h e  coo lan t  mass flow r a t e s  and temperatures  t o  be deter- 
mined. For convenience, w e  f i r s t  d e f i n e  a temperature  va lve  posi-  
t i o n  by t h e  fol lowing ske tch  and f l o w  ra t ios:  

"Thermal Cont ro l  Capab i l i t y  f o r  C r e w  Comfort i n  t h e  Skylab 
O r b i t a l  Workshop", Memorandum f o r  F i l e ,  D. P. Woodard, March 2 4 ,  
1 9 7 1 .  
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- -  wB , (2) ( 1 - V )  = - (1) v = - wA 

wC wc’ o<v<l* 

Using a c o n s t a n t  coo lan t  s p e c i f i c  heat ,  energy ba lances  
a t  t h e  t h r e e  c o n t r o l  va lves  Vl, V2, and V3 are, r e s p e c t i v e l y :  

Q i s  t h e  supplemental  h e a t  removed from t h e  coo lan t  e n t e r i n g  t h e  
b a t t e r y  co ld  p l a t e s  a t  t h e  r egene ra t ive  heat  exchanger and t r a n s -  
f e r r e d  t o  t h e  flow, W3. Qsuit i s  t h e  EVA heat  load,  which may be 

p o s i t i v e ,  nega t ive ,  or zero,  t r a n s f e r r e d  through t h e  Ba t t e ry /Su i t  
Cooling Module t o  e i ther  of t h e  f l o w s  W5 or W 

3 

6’  

Rearrangement of ( 3 )  through (5)  w i t h  t h e  d e f i n i t i o n s  (1) 
and (2) app l i ed  t o  t h e  47OF temperature  c o n t r o l  va lves  g i v e s  t h e  
fo l lowing  express ions  f o r  v and v i n  terms of flow rates  and temperatures .  1 2 

W4 W (T  -T +T ) + W  ( T  -T )-W2T6 1 6 4 5  3 6 2  (6) V2 = - = 
w6 T i  (Wi-W2+W3) 

T 7 -T 6 -Q s u i t  /WIC ( 7 )  v3 = w5 - - - 
w1 (T2’T6) 

W e  cons ide r  three cases: 
p o s i t i v e  EVA m o d e :  QSuit < 0, n e g a t i v e  EVA mode. 

Qsuit = 0 ,  Non-EVA mode: Q s u i t  ’ 0, 

Case I .: Non-EVA Mode: Qsuit = 0.  

= 0, V i s  zero,  and t h e  t o t a l  cold r a d i a t o r  3 With Qsuit 
c o o l a n t  f l o w ,  w2 = w3, passes through t h e  b a t t e r y  r e g e n e r a t i v e  
h e a t  exchanger t o  remove t h e  maximum amount of h e a t  f r o m  t h e  
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b a t t e r y  i n l e t  f l o w .  
t a i n e d  a t  t h e i r  r e s p e c t i v e  temperatures  provided: 

I n  t h i s  case, T5, T6,  and T7 can be main- 

T2 c - 6 5 4  (T  +T -T ) 

This  i n e q u a l i t y  i s  ob ta ined  f r o m  ( 6 )  by s e t t i n g  V2=0 and no t ing  
t h a t  t h e  maximum b a t t e r y  cool ing  w i l l  occur  when W1=W2=W3; i .e . ,  
when t h e  r a d i a t o r  bypass flow i s  zero. Under t h e  cond i t ion  
t h a t  ( S i  i s  v a l i d ,  the s u b r a t t i n e  coxpiites an i n i t i a l  V2 from 
( 6 )  f r o m  which a new estimate of W2=W3 can be  determined s i n c e  

W i s  known. 1 
a new V obtained.  The i t e r a t i o n  con t inues  u n t i l  V2 converges, 
a t  w h i c i  t i m e  w e  know the  flows W1,W2 and W,. 

The new W2 i s  averaged w i t h  i ts  previous  va lue  and 

Q, i s  then given by 

(9) Q, = (W C (T4-T5) Btu/hr. 
1 P  

When T2 > ( T  +T -T ) ,  t h e  d e s i r e d  b a t t e r y  i n l e t  temperature  can- 
n o t  be maintained. 
t r a n s f e r r e d  f r o m  t h e  b a t t e r y  c o o l a n t  and i s  given by 

6 5 4  
However, i f  T2<T6 ,  some h e a t  can s t i l l  be 

(10) Q, = (T  -T ) W C Btu/hr. 6 2 3 p  

S ince  T6 i s  maintained, T7 is a l so  p rope r ly  c o n t r o l l e d  s i n c e  W 5 = 0 .  

C a s e  11: Posi t ive EVA M o d e ;  Q-..:L > 0 .  

Coolant flow i s  c o n t r o l l e d  by V3 i n  t h i s  mode. The f l o w ,  
i s  ad jus t ed  so t h a t  t h e  a d d i t i o n  of Qsuit r e s u l t s  i n  T, W =W -W 

equa l  t o  t h e  d e s i r e d  set po in t  temperature ,  Ty. 
T6 must be maintained s imultaneously.  
fo l lowing  manner: 

5 2 3' 
With t h i s  cond i t ion  

Computation proceeds i n  t h e  

(a)  v3 i s  computed from ( 7 ) ,  which i n  t u r n  e s t a b l i s h e s  t h e  
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(b )  From (6), V2 w i l l  be open when t h e  numerator i s  
p o s i t i v e ,  i .e . ,  

I f  t h i s  i n e q u a l i t y  i s  s a t i s f i e d  w i t h  Wl=W2, then  a l l  

se t  p o i n t s  can be  maintained. Subsequent i t e r a t i o n  
on 112 !Equatior? 61, as described prev ious ly ,  deter- 
mines the  f l o w s  W1,W2, and W3. 

( c )  I f  t h e  i n e q u a l i t y  (11) is n o t  s a t i s f i e d  w i t h  W1=W2, 
W3 i s  known (W3=W2-W5), and Q3 i s  determined from 

(10). T6 and T7 w i l l  be maintained; T5 w i l l  no t .  

Case 111: Negative EVA Mode; Qsuit < O  

I n  t h e  nega t ive  EVA mode, h e a t  i s  t r a n s f e r r e d  from t h e  
Consequently h o t  f l u i d  f l o w  (W1-W2+W3) t o  t h e  EVA s u i t  c i r c u i t .  

V 3  i s  se t  t o  zero,  and W2=W3. 

t a i n  T5, so t h a t  Q3 i s  given by ( 9 ) .  If t h e  i n e q u a l i t y  ( 8 )  is  
sa t i s f ied ,  T5 and T6 can be maintained a t  t h e i r  r e s p e c t i v e  set  

p o i n t s .  
a tor  bypass f l o w ,  (W1-W2). T7 w i l l  f a l l  
below i t s  set  p o i n t  of 47 degrees .  

V1 opera t e s  independent ly  t o  main- 

V 2  is  a d j u s t e d  a s  before  by i t e r a t i o n  t o  o b t a i n  t h e  rad i -  
Depending on I Q s u i t  I 

I n  t h e  event  that  ( 8 )  is  n o t  s a t i s f i ed ,  V2 and V a r e  
se t  t o  ze ro  (closed); W1=W2=W3; Q3 is  given by ( 1 0 ) ;  T5 w i ? l  
exceed 40°F; and T7 w i l l  be  less than 47OF. A somewhat more sa t i s -  
f a c t o r y  logic might be programmable i n  t h i s  i n s t a n c e  i f  t h e  h e a t  
t r a n s f e r  characteristics of the  b a t t e r y  r e g e n e r a t i v e  heat exchanger 
w e r e  known; i . e . ,  T 
above 47OF; and T7 might t hus  approach 47'F more c l o s e l y .  

could decrease  t o  4OOF; T6 could i n c r e a s e  5 

A l o g i c  diagram i s  given i n  F igu re  3 which w i l l  amplify 
t h e  above d i scuss ion .  Figures  4, 5, and 6 show some paramet r ic  



1 

- 6 -  

r e s u l t s  f o r  t h e  three mOdes, NON-EVA, POSITIVE EVA, and NEGATIVE 
EVA, as  a func t ion  of r a d i a t o r  i n l e t  temperature ,  T1' 

U t i l i z a t i o n  of Subrout ine 

The subrout ine ,  FL6C ( W l ,  T1, T2, T4,  Q s u i t ,  W 2 ,  W3, 
W 4 ,  W5, W 6 ,  V2, V3, 0 R G E N l 3 ,  computes only coo lan t  f low r a t e s  
f o r  t h e  r e v i s e d  AM coo lan t  loop. Temperatures may be  obta ined  
by c a l l i n g  on FL6C i n  a CINDA atmosphere-coolant loop thermal  
model, such as descr ibed  i n  Reference 2 ,  and us ing  t h e  s e v e r a l  
flow rates t o  e s t a b l i s h  f i u i d  loop conductors  i n  t h e  convent ional  
manner. An AM radiator model, e i t h e r  a thermal  m o d e l  or a para- 
metric r e p r e s e n t a t i o n  w i l l  also be r equ i r ed .  T h e  i t e r a t i o n  
schemes used t o  determine t h e  r e s p e c t i v e  f l o w  r a t e s  may r e q u i r e  
some r e v i s i o n  f o r  extreme ho t  and cold cond i t ions .  However, t h i s  
should be nominal. Copies of t h e  program and r e s u l t s  are a v a i l -  
able from the author .  

1022-DPW-tla 

Attachments 
F igu res  1-6 

ORGEN i s  synonymous w i t h  Q3 i n  the a n a l y s i s  and shown i n  
F igu re  3. 
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